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A^S. 7l*7l. A^S. Cf^ ^o] ^ AiS. -frJL^^^ ^^7flSl :t 

-a-B-* ^71 lfl<^lAi <ao^fi^ ^A^S. 

£ 6a 
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{Fiber Optic Cable for Increased Transmission Capacity and Wavelength Division 
Multiplexed System Using the Same} 

£ 2afe fe-^lS. ^"^^"l^"^~A>-Jgpfr50l}Hr^fl^^ 

£ 3^ £ 23011 M-^ifl^ S^-^S, £ 3a^ 

S. 4^ S. 2a<Hl Ali!;E^oi]A^ 5g$§A].^l7> 6ps/nm-kmS. 

4bfe ^ i^m^^ M-Bl-iflfe 

H 6afe ^ ^^<=>fl 2 -iij^a Bf<a %?11<^11:^ ^V^tb 50 GHz ^fl^^^^ ^fe 8 
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:£ 9a ^ 9b^ 55 Mta^S] -B-JL^^^ ^fe ^ ^^'^l 4€- ^?ll«^1-t^ ^'^V-g-t!: 50 
GHz ^^^^^^^ Al^^sl l^-H^-^fl^ 

S. 12fe ^ ^^<^1 3 ^^El-'a ^?fl<^ll:Sl 7fl'^£. 

IE. 13a^ ^ 3 B^-<a %?flol^# A>^^ 50 GHz ^fl^^^^ 

£ 14^ S. 13a<Hl SAl^ Aj^^o] ^a^^ t+Bj-ifl^ S-^^S.. IE 14a^ <>} 

<16> ^ (Wave length Division Multiplexing) Al^h^oflA^ 

A>-8-sl^ ^?fl<*l-i-°1I ^tb ^-^.S.^, ^^-g-^^ ^tfl^«>7l % 
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^^<^l£ ^^*>7fl ^^7>^t!: ^^4^ Al^E^ofl ^ 



<i8> zL^^, <Hi:i ^^-n-^ ^>^is. -ass? 3Ji^^>a-oi ^ 

^^(chromatic dispersion)^ ^Tfl sl^tfl, o]b\^ ^^^o^S. ^sfl ^^^<Hl>^i^ 

1310 nm *^^<H1>H ^IS. ^-iV^ ^^^^ ^ 9X'$r4r ''^n ^9X^. 
<i9> tb^, ^-a-^'^'ll^l ^^1 ^^^^ ^^]* ^3^^H H S-^m «> 

Si}- :Sol 1550 nm s^^^<^]^ ^^^^ 1310 nm JS.^ ^^MS. ^^^^^ ^Tfl S)^ 

c)-. atb. 1530 nm vfl^l 1565 imS] ^^^^ W^7l7> 7fl^^oll 

nbEl- 1550 nm^ 4^'^^^ A>-g-^o.s.>«) ^tIe^ ^^o] 7>^^^c1-. ols. 

ol^Vc^, ;«fl5.^<a:^ 7]^^ 1310 nm^ 1550 im^ 3S\-^^^^^S. ^<^]^]f^ 

^AVsJ. ^-ifil ^^^1- £2.«1-^ -^(Dispersion-Shifted Fiber: o]s)., 'DSF 
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<20> 




«j-A]ol -^^^cf. 1550 nmSl 4^j-<g^<HlAi sj-^a-^^cf^:^ ol-g.^ ^^X] 

<2i> ole^t!: sj-^^l-cf^sl- «cJ-^ Al>i^oi]A-1 DSF» >««V-8-^ ^-9-. 

^^■^ ^^^^ ^ 9X-%-<^]Sl -i-^^Vul ^J^iifl^ol ^A^tbi^. ^>a-e-^ ^<0:ol 



o] y^]^^c>] ^o_^S. ^fl^^» ^7>A]7l^^ iifl^^^^ ^4. ^11^^ 

♦ <23> olel^ til^i^A^^ ^fl^:?l:^c>l ^o^^It^ ^^4-^^ ^"H^Ul ^7}^^^ 

=L^^, ^'S-R-Sl ^^^]7} ^7>*>^ ZLS. ^tb ^^S.^ Si^^o] "^^S^^ 

AVoi uiJf :5|-6> 7]-7K^;^1^ %^S:7} 4^3l-^^^-a-4 wl-id^^^^s. ^t!" 
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<25> 1994'd 7€ ^^115.327,516^^ w1ai^>^^^ ^4^}y] 

A-1 1R50 nm 5l-^><^]A^ 1.5 vfl:^! 4 ps/nm-km^ ^^'H] ^^^l* ^^^^^^^ 

:3.ofl 7flAl^ ^-S-B-fe ^<J:^«^l^'9-n- (Non-zero Dispersion 

Shifted Fiber: ^M. 'NZ-DSPal- ^)el- tfl^feS^l «?l^ie^lo]El:E. 

# <26> NZ-DSFfe- ^'a-B-^V 1.5 ifl^l 4 ps/nm-km ^Tl] ^J^-S-Ml >a-7l 4^ 

€■ ^'tlr^l^ ^^yrJi'^IE.^ (dispersion compensation module: 

•Dcp)^ A>-8-*H ii^^ ^ ^Ms., 9X^^^ 

<27> NZ-DSF^ ^cfl^^S. ^^^M ^-^ ^ '^y^^, -fi-3L^^<*l 55 m^S.^^ n.ty 

^^ofl Cfl^ ^Al:^ ^i£7> ^o>;^l7ll £)<H ^^j-B-<Hl^i Wl^^^^^l ^^ifl^^^S. 2^7fl 

*>7n n^l-el-'H, NZ-DSFfil >S-tfl^^S. -R-jL^^-^S-fe ^B^?]:^^! ^1)^ 

<28> s-el, ^;cll2l Al>;E^oflA-1^ ^fl^^^ol 200 GHz<^l>H 

100 GHzS., HBlJil 50 GHzS 9X^. °']^^ ^4^-8-^^ # 

7l-Al7l7l ^^^^ofl filtb ^<5l4. ^elM-, NZ-DSF^ «?l«>o^ ^11 
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50 GHz ^^S.S. #<^M^ ^-f ^^^^^^^s^ «<J-^ ^TlBl Al^i^ofl ^ 

<29> £ 2a^ NZ-DSFl- ^}^^ ^€4^ ^1^^(20)^ 'a^ll- 7fl5f 
:£>«l*>:il 9X^. ^7] Al>i^(20)^ 50 GHz^ ^11 ^^^3}- 87llfil ^11 
i^fl^^ 0 dBmSl ^^^ol :t^o.s.«.E^ ^^^cf. NZ-DSF(24)fe # 480 km^l 
Tlelofl 3.^51<H Sl^^. ^ ^:?>(span)^>cl- &^^\7] ^^^^^^^-^ 
# (25: 'XP)7> W47](23)fi|- ^^^1 ^^l^l^H 9X^. S. 2aS] Al>h^(20)^ ^^1 
2^j^>^o4_5^4^q^^--4iJ^-. 

<30> < K I > 



1 d o Bf 1 


10 Gb/s 


1 ^fl^^^ 1 


50 GHz 


1 1 


^fl^^ 0 dBm 


1 ^fl^^ 1 


8 


1 ^n^]^ 5E.€^<^i 1 


480 km 


1 W#7l ^^l^^^o] 1 


80 km 


1 1 


0.2 dB/km 



0 <32> S. 2a«^ ^1^^^ 87flSl A^s. ;^1^*>^ 

(21). ^^5)^ ^^^1-71 ^t!: W^7l(23) ^ ^^*V^ ^^^(22) 

^S. 3.7\] ^^^5]^, ^^^(21)2f ^^^(22) A>olofl NZ-DSF(24)7> i^s)o:| 0;^^!-. 

^3^^ S. 2a^ Al^^i^olI'H '^V-g-Sl^ NZ-DSF(24)^ 3.0 ps/nm-km^ ^^^'Sr^ ^ 

^M^^ ^^^121- ^^^-tlr^l* ^H^^^). 80 km ^1^<^l>^i NZ-DSFfe cfl^ 240 
ps/nmS] ^^^-a-^l* ^^1 =1^. -240 ps/nm^l ^>a-:5il# ^xVja. 

>a-%'9-fi-(25)«^l ^'S-^tq-. 
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<35> 3a^ o>ol :t^o]o}zL^^ i^i£^^t^. S. 3aS.^^ 

o] cr^j^] ^SL^ ^^7> 4Jt!r ^^^^ 5uT=t. *^|5ltr ^J:^ ^S. 
^^.^^El-,^.t:^.^_^3bolH_^^S435-)^-&^m 



tl*>^ NZ-DSF» A>^^^ ^-f ^^4^ ^1^13 

<36> :£ 4a^ S. 2a<Hl i^^l^ Al^i^oflAi ^^^7] ^*><^ ^ 

7m ^^^1 6 ps/nin-km* ^-g-B-* NZ-DSF t^^^ S^tb ^-f . -3-71 a]^ 

^-y-n-^ ^'a:^l7> <g^^<?l NZ-DSF^ ^-tl: ^1(1. 5-4 ps/nm-km)lit^ 3.S.S. 4^5^^^ 
^^S-o] olii^S. Sl 3a<^ JE.Al^ o>ol i:fo]cVzi^:e.t:1-^ ^J:^^7> 7fl>Jds)^l 

4^4^^^'a-^^ ^m'^ ^^^] ^<^1<^>^^<^1 ^^^1 3.7\] ^•g-S)<^ 

f-* S- 4S.^Bl 50 GHz ^^^^ ^11^^^^ Al>,^ofl 

A-1 AV-g-sl-^^ ^'a-fr^ ^'a-^l7> ^<HS. 6 ps/nm-km ii^- ?1*>> ^ ^ 
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<37> ^2fl^ NZ-DSF» A>-§-s>^ ^i^, sj-^^Wf^^ «<}-^ Al^^^ ^4^-8-^ 

^7} ^MS. ^4^€ ^ ^^fe NZ-DSF* ^]-§-*>^ 



[-^i^-ol-ol-^^-;^>-^V^-7-l#^-^-^l-] ■ 

<39> ^ ©le]^ ^zfl7l#si «B^*>al, ^fl^^^«>l 34^^^^-^^ 

♦ <40> ^ ^'^^ olsltV ^^^*>7l ^*tl. ^^711 5£^*Vfe ^^^^^cf 
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<42> ^ ^^51 S Cf^ ^^ofl ^S.^, ^^7^^ ^^^-a-B-* 

^13 ^^a-e-;* ^^^^a-B-^ ^11 ^^^-a-. ^12 ^ ^13 ^-a-B-i- 



<43> a^, ^ ^m^^ ^ ^^^fl^^» ^^^^^^^ «<}-^ ^^4^ ^1 

SZ<HAi, l=l-€r ^^JlS ^1^*1-^ ^^cjol] ^^sjoi 

o. ^^7m ^-a-B-S ^7l ^?floll: iflollAi <a2l2l ^^^^^ % 

^^#7l; 'S-71 ^?floll:^ ^^^^^^ ^4^^7l; ^, -^-71 

^^^^7M -^7] ^^*Vfe T=^^^;* i^tb^-. 

<44> -g. ^igSl ^ ""^^ A]>i^^ 50 

GHz^ ^fl^?>^^ ^^cf. 
<45> ^ A^s. ^^^-B-» ^#<H^ ^^^^^-B-^ ^-a:^^^-^^ 
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clSfl. 4^s}-^^^>a-* ^^S] o^^]^ ^ ^711 s\o] ^s.^ sfl^^ol ^^^V^ ^^-8-%= 
o. ^^o>Ai ^#tbi=f. nl-el-^i. ^'^^-fr^} ^^S]^, ^^^7> ^ ^ 

<47> nelul-. ^fe ^^^^ ^<^17> 10 km ^l^o.^ ^7>^ 

■g- ^^<^>H^ ^^^AS. ^M7W^ 4^s|-^^^^* ^ Sl^ ^ 

<48> ^ ^i^ofl ^^^m ^2fl^ NZ-DSF^I ^^^] ^S. 
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;?^4^Altro3 <a^g- ajtfl?!- Q^M^ ^ 

<51> ^ ^Tgo] Oli^oflS irfS. o];^^ ^fe Ol^l-O^ ^tgO^ ^X^^ ^tfl C-^JjL 

<55> £ S.^]^ ^^^'^-^-(42)^ ^l-q-^ ;^ll %'a-B-(43)S!|- *>u}-o^ %'a-e-(44)l- ^ 

^ ^'^<^l^-i ^>-§-S]^ il•e^-ol417]lio^l tfl^ ^^Hltb ^>*^^ '^^a-B- 1 1 (Optical 
^ Fiber Telecommunications II: 1988\i)' >fl263^ ^fl^l ;^1300^«^I 7l#5l<H rii^ll^ 
'i*!. ^l-el '^^-^ >i#e|-ol'8 (Optical Fiber Splicing)'* 



<5e> >a-7l ^11 %^^M^S)s^ ^12 ^^^-^(44)^ A-ls. 4€- ^-^S. ^-IS 

^^4. ^-9^(43 . 44)fe >I11, ^12 ^^^KDi, D2), ^U. ^12 f-JL^^(Ai, A2) ^ 
^o](h, h)^ Stb. ^^^-^-(43 , 44)^ ^11 ^ ^12 7] 

^71 (Si. S2)# 
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— 



<59> 



DcAA) 



D,{X)h-\-D2{X)l2 



(1) 



<60> ^7] ^ (l)o^l>^i ^ SZfe «>5+ ^'9-a-(42)2l ^-ar^m ^7] >fll 

(43) ^ ;^12 ^'9-^(44)^ AA^ ^^^1^4 ^<*H1 2:^7>^S>7)1 ^tf. 

<61> ^A>^]1- tflSfl Dl^^ ^ofl Sfl^S)^ ^^^-B-Sl 7l-i:7l(Scf)^ >a-7l 



<62> 



+ 



- (2) 



<63> ^^%^^'9rU2)S\ yi\'^%^^<i^ "^^^ cl^]^ -B-JL^^(Acf)i£ ^7l ^11 ^-a-a- 

(43) ^ ^12 ^>a-B-(44)Sl AM, ^^^-^-(43 , 44)21 ^^A'^m 
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<65> ^7] (3)011^1. ai, ^11 ^^-B- ^ ^12 ^^^-B"^ ^^^14(/km)^>H 

ai=0.1X «iXlogC10). a2=0.1X«2Xlos(10)^^p^^ a_{l}. a_{2}^ 

^ ;H12 ^^a-B-Sl ^'g;^l^(dB/km)<ili^. SEtb. '1+^1 (/km)oH, Li = exp(- 

ffi/i); L2 =exp(-Q'2^ 2)'^!^. 



<66> ^V7l -4] (1). (2) ^ (3)^ ^^^-B-(42)^ 71^71 ^ -B" 

<69> JEt!-, '^-7] ;^ll ^ ^>a-B-(43, 44)^ ^^^1^ #2fl^ NZ-DSF<H1 i^l^ wl^l 

>I12 ^'a-B-(43 , 44)^ ^^^1^ wV^^*>7?lfe 10 ps/nm-km ^]-<i]* ^fe^. 

59-16 




1019990033359 



2000/8/i 



<7i> ^ ^^oflAi wVsq- :y:ol ^7] 41 ^ ;^]2 ^^^-^-(43 , 44)5] ^>a:^]7> ZL ^> 

o]S. nfl-f aL7] Tifl^ofl, >a-7l ^ :^><j^(43 , 44)# aVS-A] :g^^Ho> ^cf. 

sel#ifl<^l ^^^^ n^^^ e <H^-S-<^1 ^sl^s.. ^ ^^oflA-iiq. ^oi 

<74> H ^^^'9-B-(42)S] ^^oJl tfl^§>a^ ^?flom(41) ^l-^ofl 4€- 

^^M4:2)9] ^^^^^]7} 7m^^^ £Ai5i<H nr^^^^]^ 41 ^^M^) 

7]- ^-tV^m ^Jl. ^12 ^>a-B-(44)7> ^^tV^ll- 7>;^H. o<f ^-^r^l^ ^>ol7> 
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(44)0)1 ^^*>7ll ^^sl<H, ^^t!" 51:^5. ^^^'\, ^1i ^ ^12 ^^-a- 

(43 , 44)Sl z]-z]-^ ^<i^l7> S ^^%^4M^2)2\ 3g^^A>^l^ ^?ilol-i:(41)ofl 

<77> olBlt!: ^-Ji^^^-^S. 4^B|-^^^^^ ^^*>7fl ^ Sicf. ^, ^7] 

:g-7)lol^(41)tfl<HlAi ^^^-B-(43)^ €-^^l(Di)ofl SiSfl /i^l^oilAl Bfl-f 3. 

^^^^^^-^-(42)^ o. ^^^^^]7} ^S.^ ^ 

g^-, ^^jg>^ ^11 ^12 ^-a-B-(43 , 44)<H1 ^gfl ^^]<>]l:(41)tfl<HlAi ^ ^^f^^ 
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<8i> s. 6a^ £ 55^- ^-a- ^?11<^11:# >^>-§-^ 50 GHz 3^^^^^=)-^^ a1>i^o^ 
£^l«^>:n. Sili=V. NZ-DSF» >^>-8-t!: ^-f4 S. 6aoll 

). tthBl-A^, ^^t]-:^ # 480 km'Hl ^ 4^ ^^flol^o] i^sjol 

^^o^, ^^^7l(57):?> 7]^^ 80 km<ilJl, ^'Q-n-^ ^-i^ln^^ 0.2 6B/\smo]^. 
<82> £. Baofl S.'*'!^ «>5q- ^o], :^>a^(5i)^ 17 ps/nm-km^ ^^^1* 7>^1p^, 5 km 
:^ol^ ^^cf. ^12 ^^^-^-(52)^ -11 ps/nm-kmSl ^-tlr^ll- 7}^]t^ , 5 km^l :a 



<83> s. 6b^ 5. 6a«Hl -g- ^<='H "l-^- ¥^^-a-^ll- 

q-Hl-^tq.. 5 km«^'H ^^9-^(51)011 85 ps/nm2l ¥^^^^1(58)7> i^^^^ 

cf. <5ls1t!: ¥^^^^1(58)<H1 4^5^^^^^<^1 ^7] 85 ps/im^ 

-a^«A]:^](58)^ 5 km* ^^l^i^^i ^-tlr^l -11 ps/nm-km* ^fe ^12 ^^-^(52) 

oj) ^«fl A^A-l*] :^:5i£)7l Al^^cf. n^-E|-Ai , 10 km ^1 ^ <^ >H ^ 30 ps/nm 
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^^^1^ S. 2b«Hl ^<='] 3 ps/nm-km^ #2fl^ 

NZ-DSFsf :y:4. 

<85> ^efl7l^<^A^ t!- ^'S-fr^^ i-i^l-fe ^4^-8-^<*l #tfl^ ^ 50 GHz 



3 ps/nm-km^ 7>;^S. ^««J-*>t:|-. 

i 7a ^ 7b<^l SI^^. 

<87> £. iE. 6a^ ^<^M=L^-^ q-Bj-i^ 7aS.^B^ ^ 

3^^^] ^$0:-%"^ ^ ^^"^1, NZ-DSFl- ^}-%-^ S. 3a^ <^}o] 4o1<^>:it.^^ -g- 

<88> S. 6a^ Ai:^o] H-Bfxfl^ ZLEflSoltq.. 

S(60)^ 4^5q-^^^^<^l ^'^S^ S. 3b<^l S.'^m 
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NZ-DSF* ^V-g-tb ^-f^ alil^ iJfl ^^*>7fl ^^ls)<H ^ 

<89> S. 8^ S. 6a<^) £^1^ ^^4^ Al>i^oll>H ^11 %^^M5l)^ €-^^1* +17 ps/nm-kmS. 
^^3:]-^, m ^ ^12 ^^-^(51, 52)^1 ^o]^ n]9\. ^^4M52)^ 

<90> 3E. 8«^>H ^ ^ «>^4 ^<=>1. ^ ^12 ^^-H-(51, 52)^ ^'U^>\] ^^-^ 

© -3-71 ^#%'a-^(53)7> l.S^Mi 4 ps/nm-km ^3E^ *>7l ^Sfl 

-Ai— -^7l-;«)l2-^^^-H-(-52)-Sl-#v2^-^>a:-^|»--14o^^^ 

^cf. £ 8S.^B1, >8-7l ;*fll ^ ;^12 ^>9-B-(51. 52)S1 ^<»m ZL , ^. «3= ^ -g- 

^ -8-ol*>7fl ^#^'g-B-(53)sl $>a:^1» ;^1<H^ ^ «y: 

<9i> t!-^, S. Ga'^'H 3EAl^ Al>i^oj)Ai ;iili ^>a-R-(51) ^ ^^12 ^'a-R-(52)^ -fi-JL 

<92> s. 9a ^ 9b^ ^ ^12 ^^^-H-(51. 52)7> 55 ^2o^ -B-JL^^* 7>;^H ^ 
m ^^^-a-B-(53)^ -H-S^^S. tfl^ 55 ^-f^ ^ 

^c}^ 4%4^^^^ol t+El-M-;^lnV, ^2flo^ NZ-DSFS A>-g-^ ;g-f5>l- cfltil^ 

n||(iE. -3b^ ^#S(35) ^S)^ ^#^(80)5. 5.^14^ tt>sf :^o] 4^s^^^^^o] 
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^. <iq (3)<^1 ^SH ^^^^-^(53)fe 66 ^fln2 ^S-^H -B-s:^^^ #£fl^ 
NZ-DSF7> 55 /am2^ -^3:^^^ ^fe ^ ^^^-^-^-(53)^ ^7> 



<95> S. 7a ^ 7b^ '^S.^^^] 66 ^7>€ ^ ^^«^ %5fl<5ll:* 

^^5.(60)^ S^l^ 4^3|-^^^^<^1 NZ-DSF<^ ^tb 5. 3b«^l 

S. 10^ >fll -a-3L^^# 80 tm^^ ^12 -R-Jl^^^ 55 psa^S. ^^^Jl ^'g-R-sl- ^12 
^ - a - B-^ »^ HR/kmg. ^^vV ;^1l ^ ;^12 ^-^-^(51. 52)^ ^^1^ 

^11 ^ >fl2 ^^^-B-(51, 52)^1 :a^]7} z^-zl- 5 kmS. H «l7l- 1^ ^-f <^1^ 

«^) ni-ei- -B-JL^^ol ^7>£)fe ^ T= Si-^^, ^?fl<^ll: ^«=>]7> 10 km ^^ofl^ 
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<97> cV^lB^-o.^., .^-71 ;*1]1 ^ ^12 ^^^^-^-(51. 52)^ ^<^1<^1 4%3|-^^^^5l ;qo]6\] 

<98> £ 11^ m ^ ;H12 ^-a-B-^ z^z^-^l :a<^l«- '^'a^<*m ^ n, >tl:&tfl 4^ 

^^w]^^ ^^1* -£^ltb ^<>li=f. £ 1H>H^ >ill ^ ^12 ^ 



^igofl tc^-^ :^^]ol.i-o^ M-Bl-iflTJ^. (2)^ ^EflS] NZ-DSF^I ^-B^^atl-. 

<99> .g. ^T^o^ ^tg^>s.6. j£ 6ao{l>H^ ^11 ^-^-^(51)71- 17 ps/nm-km ^iJl, >fl2 

-e-(52)7> -11 ps/nm-km'^ ^41 ^^^-B-(51)<^1>H ^g^^^ 4^5^^^ 3. 6, 

9 km .... -a-^:?]:^^ ^^^^M. 1.5, 4.5, 7.5 km ^^S. ^ 

^f]JL, >fl2 ^^-B-(52)<^>«.i ^l'^^^ 4^s|-^^ '^^^S^ 4.5, 9, 13.5 km .... ^ 

-a-^:?!:^* ^-^711^, 6.75. 11.25 km ^^^^^^ ^-^^cf^ 

^71] ^9i^. o]^^ m ^^^-^-(51)21- ^12 %^^M52)<^]^ "^^m^ 4^4^^ 

-^j^-a- ^ 7 kmofl^H ^^71^ «>^. 3 ^^1 6 km7>^m -^-^^-a^ ^^^^^ 

^] S\o] ^]M^ 4^5^^^^^^^ ^d-Tll^i^f. 11^ ^ ^^oil 

4^ %?fl<^ll-«^l ^]-§-€ Al^iE^o] ^7] ^?lloll-o] 3 ifl^l 6 km "^^^ ^ 

<^1» 7l-:g t«fl -ilS tfl 4^4^^ ^^til* ^ ^fe M-Bl-'^cl-. 

<100> £. 11^ ^S«^>^, -g- ^^<^ ^ol7> 7 
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<101> lE^, S. 11^ ^2:*>^, -g- ^^<H1 4€- A]^^6ilA-1 4i|^^o]7V 10 km-i" 



• Technology) ^im<^ 7ll^fl€ t']-^! (Tkach) ^^^fl 7l7llEl<H Sic]-. fe^<HlAi 

-^-8T4-km^-^^-a-S^^'^-B-^-48-km2l-^^^^ 

(phase matching condition)**! ^^sl<H 4^5^^^^'a-ol 3.7\] ^'S^ 

<102> ^5114. >S-7l fe§<:fl 7]7^^ Vi}Si\- :g-o] ^IM-^lTll ^7}^]f]^ ;«f| 

# :2|-^>7l ^ ^-i^l ^^1*^11:^ ^^'^'l -§-**l*M ^^^^S. 15 
km o]^^ ^<*11- ^l^^m ^^^olfe 7 km ^ 

^n^]^^ ^^^U} 10 km ol^>o] ;g-foi]£ S. iH £.^14^ m>S5}- ^o] ^^:a^]^ 
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^^s^H ^^^-a-B-* ^12:^ ^4- 6 ^^1 12 km 7} ^T^. iism. 



<105> a 2^ £ ^'^^^ ^ ^^'^ %?flol-i:Ol s. 6a<^>H ^^g^g '«>1^^ 

-^-tl:-7l%"7l-^--a--Jc^-2^-^^ 

<106> < S 2 > 





1 ^^J4{- 


1 ^12 ^^-H- 


1 


1 17 ps/nm-km 


1 -11 ps/nm-km 


1 71^71 


1 0.08 ns/niii2-km 


1 -0.08 ns/nm2-km 




1 80mu m'^2 


1 55mu m'^2 


1 


1 3 vfl^^l 6 km 


1 3 ifl^l 6km 



^ ^^is. ^<^m. >ili ^'a-B-^>H ^^s.s.%>9-B-» ^}-%-^7\] s]^ -S- ^ 



<109> ;<)12 ^'S-e-^ ^12 ^-a-B-S- ^^]^ ^ nfl ^A^^ ^ o;[ 
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<iio> 2.^, ^7] m ^ ^^^Mloil^i 2:^^r>^ ^-^ 4^2|-^^ ^} 

711 €t^-. 

<iii> ^ ^x^fil ^^;^>#^ S. 2^]>^^ M-Bl-vf >fli ^^a-a-^ ^12 ^'g-H-* ^^^H 

^^^^a-B-l- ^l^l-^V^. >^7] ^^^-a-B-* 5£^S>^ ^?11«>11-* 50 GHz ^11^^^* 3k 

^p] ^^*>7ll ^;«im ^ns. €^5lfe ^^^^ ^ 9X9X^. 



-<-ii2>— a-2<Hl-i4E^\h-^-^-^-T^^7>-^l-H--^-^ 

>lli ^^^-B- ^12 ^^-B-^ ^€-<^l -^71 s 2<H1 ^71 tb^sl^ <^>Mcf. ^ ^vxg 
<^ iil-E- ^^1<^11-«^1 >^>-§-€ Ai^i^si A><y:fii ^^oii j^s}- ^^tb 2jl:«<^l 

<113> o]>^3l. :^ol, A^s. cl-^ ^^21 ;Hll ^^^-B- ^ ^12 ^'S-B-S tl: ^?ll<^ll-^«^^i 

>lli ^ >I12 ^^^1, ^<^1 ^ -B-Sl^^^ ^^1- s^eH. ^^-71 ^^^^-B-^ ^ 

-a-^l. ^^7l^7l ^ -B-Jl^^^ 50 GHz5^ ^flii:?]:^* sj-^^^cf^^ wj-^l 

<ii4> -g- ^?11<^11-^ *>M-^ ^11 %^^-B- ^ ^12 ^-a-B-l- ^^^sls-^ 

. 2 '^i>aBl-<a ^?ll<^ll:<^lel- -¥-» ^ <>l*l-<HMife. 37)151 ^^a-B-* ^^^H 
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<115> £ 3 ^^^<^ ^^]c]:^^ 7)1^2^ s.^]^ 7'^^S.o]t^, 3 ^^^'^ ^^o]"^ 

<>]^ m ^^a-B-C 115)71- C-l ^7}^ ;^]^«>Jl^ £ 5"H1 2 ^>Sb1-oJ 

^ 71^1 -^<as>c}. it|-e}-Al, ^ ;^)12 ^>a-B-(113. 114)^ ^^^1, ^^71^7], ^o]^ 

^S.^^ 2 ^'^Bl-'a^ ^<a«r>7ll S^^cf. ;^13 ^'9-B-(115)Sl ^^^], ^^7]-%: 

7], ^o] ^ 21-Z^- Di. Si, h, AiS. S^7>^b:1-C1-. 

<116> 2 -^^Bj-^ ^ol. 3 ^JHlollrSl ;^-f<Hl£ ^^^'a-B-(112)« 

-^-^^-^-^-^t-^-^-o^-^-^i^^^^ 

t!:!^. 3^^, =L ^^^]:^ ^\o]s. ^<H£. 10 ps/nm-km <:>1>S-Sl ^J:^ 7>;?l<i> ^ 

<ii7> 3 ^^^^o^ ^n<']^'^^^ ^^^-^-^(112)^ ^5^-5+^1. ^^71^71 ^ -b-jl^^^ 

71 (4), (5) ^ (6)01) Sl«fl zl-zl- ^^^acl-. 



^^^'^>= ■ 



(4) 



(5) 

<i20> LjLjL 3 -1 



tfa (Li — LiL2+LijL2^3~l) J ^3 Li(L2— 1) 

ffl -Al ^2 -^2 (6) 



<i2i> ^ (6)oflAi, ai^ 0 ^12 ^'S-B-^ ^^^l^(/kin)^>H 
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a,=0.1X«iXlogC10). a2=0.1X «2XlogC10)c>^^ a_{2}^ ^ ^^^-H" ^ 

a + g2^2 + Q'l^3 

_ . - a^ — - 

expC-o-i/i); L2 =exp(-ar2^2 )J L3=exp(-a'i/3) 
<122> o]>^o^ A] (4), (5) ^ (6)<^1>H ^ ^ Si^ «>5q- ^^], %'a-B-(112)Sl 

^s^-a-^i, ^-^1:71^71 ^ >fli. >fl2 ^ m ^'S-R-dis. 114, 115)3^ 

<123> >^7l ^ (4)<H1 ttl-el- ^^-^-(112)^ ^^^^^Ife ^1S7> <^>\i 



<124> 5. 12^11^ ^^<il-i:(110)2l tfl-g-€:H ^«='H1 nr^^-ar^l^ ^^^V 

o] :£ l2oil ^^floll-dlO)^ >lll ^>a-B-(ii3)^ «a=5i 

^1. ^12 ^^-B-(114)fe ^^^1 ^ ^13 ^^^-e-(115)fe ^-ar^m 

<i25> i i2oi] HAi^ H>ss|. ;y:oi, ^ <y:o^ ^av^h- ;^ii ^^^-H-(ii3)<Hl ^^^'^-B- 
(112)5] iraj^Ai:^l7> ^7Hl-7l Al3|-t!:T:f. ^ll ^^^-^-(113)^1 ^o]o] /^:^]^77}7] Di/i 

^7>^x:f. €■ Y^^-a-^H] ^?ll<^11:(110)2l 4^54^^^>S-^ ^;({|*> 

^ ^o\] T^t)^ g^^olcf. ^ ^A>^m ^12 ^-a-B-(114)ofl ^^B ^7] ^ 

^^^^] Dih^] ^^^7] ^12)-^^-. ^'^^-B-(114)7> ^1^^ /i+/2 <HlAi^ ^ 

^^-ilr^lfe ^7)1 ^tq-. oi^, ^ ^^si\ ^^^]% ^fe ;*I13 %>a-fi-(115)<^l $] 

<126> o]>a-i!}- :&<^]. ^ ^^<^1 ni).^ ^?ll<^ll:(110)^fl^lA-1^ ^ ^^^^-B-(112)^ ^^ar^l^ 
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<127> s. 13afe £. 12<^] S.^]^ 3 ^^^E^*^ ''•l-g-^ 

# 5}^ -^^§1-^5., NZ-DSF» ^}-^^ ^ 2 43!>5lE^-^ ^?fl<:>ll-^ '^V-g-tb -S-*^! 

SHl-Bfl^V^-^SJ^ih 

<128> ^1^1 ^^4^(122)^ +17 ps/nm-km^ A^]^ , 2.5 km^ ^^1^4 80 prn^^ -n-^L^ 

^^i=l-. ^12 ^'a-a-Cm)^ -11 ps/nm-km^ 7}^]^, SkmS] ^olsq. 55 

/fln2^ -B-a^^* ^l3^^-fi-(124)^ +17 ps/nm-km^ ^-tt^l* 7}^]^. ^<^lfe 

2.5 kmom-. 3£ 13a<^>H^ ^^1^ ;*)13 ^MMl2A)^ ^-^1:^15^1- ^^l* ^1 

^]o]M. 3 ps/nm-kmS. ■^^]^^, 2 ^^^'^^ ^f]]<^m<^]^^^ ^^^^S. 

<130> 3E. 13a^ Al^i^o) s-A^ol 14a ^ 14b^ <^>ol ^-ol<i>li^3)- ^i^o^ 
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-8-t!: 50 GHz ^]^^^ tfl«l€rH -S-^. M^^^^ ^^¥<=>1 ^^^^A] *J=^€^. 

NZ-DSF<^ til«fl ^^-l^VTfl Alrfi^ ^^^^^^^ 7>:g ^ ^Tfl ^t^. 

<132> Cfn]-^ >^7] 2 43j^ Bf<a ^^Ho]!-^ ^Vl^-S^ ^#^1^^* ^fet-fl , 3 ^ 

<133>— 2-4-^-E|--^-4-3-'d|-'^-<a— 

^ o.^ ^^^^1-^ ^^-6-^ Wfl^l7V l=f€- ^>*^17> ^^5^ ^ ^t^f. 

<134> £ 15a ^ 15bS #3:«^>^, 2 ^-a^^-'a %5llt>ll-:^^ ^^^^ £^l*>ul ^cf. 

:£ 15afe 2 -aj^^Ei-^a ^?11<^11: ^^^1 ^^S. ^^^^^ afl^ltb ^ 

^S. ;*lll ^^^-B-(131). ^^^-^-(132) ^^S. Mfl^l^ oil- (130)3}. -S-^tb ^-2.^ 
^ wll^m ^?lloll:(130')# ^^«>7l] ^t}.. £. 15bfe ^n]o]^:(V-^ 

^^o] %^^^7} tifl^ltb ^-^S. ^11 ^'^-^-(131), ^12 %^^M1S2) ^ 

^S. tifl^l^ ^?l]oll-(130)3il- ;H12 ^^^-^(132), ^ ^^^-B-(131) ^^S. wfl^m % 

?fl«^ii-(i30")^ '^is ^-f<^m. '>]^^ ^4-, ^12 ^'S-e-^ ^<^m 

<135> tifS!}- :^ol 2aflS ^12 ^^-B-^l ^o]^ ^TSl^l-ir ^ol# ^Tfl ^ 
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:^7l]o]§o^ :gol^ 6 km o]o]o\ ^cf. £ 155°!) :£>«'m «>^4 ^^1 >fl2 ^-^-B- 

(132)71- MS. ^#£]5^^ ^^]Q]l:( l30)<^1^i >^12 ^-a-n-(132)l- 1.5 king. t}JL, ZL 

^?flol-i-(130")<Hl^i A]2 ^^-^(132)1- 1.5 kmS. i^tt € 

^HlS nfl ;*112 ^^^(132) ^o]^ 3 km^ ^ ^ ^7\] ^A. , A %n'=>]^ 

^ 3 kmS. y^]^^^ ^o} 7>^^7)1 ^cf. ^^tb ^12 ^^^-fi-:?!:^ ^^«> 

0 <136> t!:^, 3 431^El-«a ^-f^^fe ^iS. ^-at!: ^^■e-'2>^ %n 

ft1-l-.;?Lg-_^-^A)^_4=-$i:^ £J5c*-^-2^-^-^-^^-?J-l:-a360.^l3_^^_^^^^^ 

>lll %'a-R-(133)» ^?floll:(136')^ ^^-H-(135) SE^ ^^9-^(133) 

^ ^^-^^ ^^^-fr* ^^*H ^??l<^llrl:«=>l ^ ^ Slc^.. <^1el 

t!: ^^^^ ^^^-B-^ ^'>^ ^t-i^^a^l ^5flol^^^^ nfl^ 

<137> nfsl-Ai, .g. ^Tgofl <^o]A^ ^ ^^^-a-B-^ ^^^^^ ^H* 

# ^ ^-a-B-lr* «B^l*m ^^ll^llr^Bl- ^?fl^ll:^<^1 ^^^"^^ -§-<^H^4 %?fl<^m^ 

^tb ^1^^ #1 ^ ^711 s)^ ^oicf. 

<138> ol^^oflAifi). :^o], ^ ^^ofl n^-^ :^^lo]^^ A^^. ^^<>H ^iS. 
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tiVtHg. g>D^. ^-M:^]:?> ^>ol£ 3.7]] ^}^. ^n]<^]^-^ %^S.7} ^-^s) 

0 :^^-g-^Sl 50 GHz ^lES. ^m^^^] ^-f'^lH ^-tl:^^^ ^ 

tfls. ^^sl^l ^^t^. ^ ^^-8-^^tfl» ^>y^ 4. :^ 

<i4i> ^ ^^^^-B-* ^^^^v^ ^^^-B-^ Mfl^i* ^?fl«^iir4 ^n^] 

# «>7ll ^ T= SE^. ^^l^^S. i^^VS^ -^^^^ ^'a-fi-^ 

^<^1* ^ SI^H. ^^^-B-^ til^^A^^ t!:^ ^ 9X^. :M. ^xgo^ 

^ ^^^€ ^^^^^ ^ -B-iL^^^ -g-^l^Ml ^ 9X^. ^ ^^^^ ^n] 

icf ^;^l7> -g-o]s1-ji ^^S.7> 

<i42> 6i.s-<^Ai ^ ^r^^ 2 4ii>aEi-<a ^ 3 ^^^t^<^ ^no]^^ ^^«fl^i -i^^i- 
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^ ^^S.^ ^]^^}^ Hfl^^l^m 

# ^olcf. ^ ^x^^ ol>^o] ^x^ofl ^^S\^] ^O,^, o]^^ ^^ 
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r^^^J- 11 - 



71^71. C]-^ ^o] ^ Cf^ ^^7flS^ ^-a-R-* ^7l ^ 

7lloll:ifloi]A^ ojo^^ ^^^sjfe %?i|0|lr. 



^7l^7l ^ ^^ll- >|]o^*>^ ^?fl<^ll-. 
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ps/nm-km ol^^laL, ^o]S. -2 ps/nm-km o]^}o] ^n]om. 

I^^^J- 61 

:y:o>A^ ^7] ^^^-B-^ ^zi-o] ^A>^l:?> ^>ol7> 10 ps/nm-km o]^9l % 

"WF^rn ■ 

20km"?l 

81 

^fe ^12 ^-g-B-lS i^^i^. 
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9] 



10] 



^^^^^ Al:i^ollAl ^^S)^ SlS^ ^7] >fll ^>^-B-Sl >a-7l >lll ^ 



l^^^J- 11] 

;^li -B-s:^^^ ^12 ^^-fi-^ ^12 ^<^1 ^ ^12 -B-Jl^^^ ^1<H*>^ ^5H]o11:. 
121 

m^^<^ '3-71 ;*iii ^-a-B-^ ^11 ^^^i^!]-. ^71 ^12 ^-a-B-^ >ii2 ^-ar^i ^ 



^■^'^> = 77+7; 



(1) 



^7l (1)<^1>H Dcm ^7] ^^-a-^ ^-tV^l (ps/nm-km) ; 
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Di^ ^3-71 m ^^-frSl m ^-a-^Kps/nm-km): 



h-Br ^7] ^11 ^^-B-^ m ^<^l(km); 



13] 

^7l 71^7]^ «>7l ^ (2)<^ ^?11<^11:; 



9Di(A) , , 3D2U) , 



Il + l, 



/1+/2 _(2) 



^7] ^ (2)«H1>H Scf^ ^7l 7l^7l(ps/nm2-km) 



Dcffe ^7] ^'a^^ ^5 ^-ar^l (ps/nm-km) ; 



D i-Sr ^7] 41 ^-a-B-^ ^11 ^-tt^Kps/nm-km); 
^3-71 42 ^^-B-^ 42 ^^;Sl(ps/nm-km); 



S 1, S2fe ;tfll ^ 42 ^^^-^^ 41 ^ ^12 ^'a:7l^7l(ps/nra2-km); 



^7] 41 ^^-B-^ ^11 ^<^l(km); 



^7] 42 ^'^^-B-^ 42 ^oKkm). 



59-37 




1019990033359 2000/8/1 



141 



ai Ai a2 Az (3) 



^ (3H>H Acffe ^^^-S-B-^ -B-JL^^(//m2); 



ai^ ;^ll ^l-^(/km); 

a 2^ ^7] ^^-B-^ ^l^(/km); 

a, =0.1 X «, Xlog(lO). 
a2=0.1 X ^jXlogClO). 

a_{l}fe- ^71 >lll ^^^-B-^ 7ll«=|^(dB/kin) 



a_{2} ^7l >I12 ^'a-B-^ ;^l^(dB/km) 
Li^S- Li= expC-ori/i); 

L2^ L2=exp(-Qr2/2)- 
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[^^*^ 15] 



s)^ ^Jll- ^JL ^7] m ^^^]^ ;^12 ^}<=>]^ ^<H:£ 10 ps/nm-km 9l 



16] 



^71 ^^7]-t7]^ ^fe ^?il<*ll-. 



T^^^ 171 
[^^^ 18] 

^18*J- i^^l ^1141}- ^ <Hi^ ^ ^c^A-l, >^7l -^^J- i^^vflofl 

M ^'ilr^l^ +4 ifl^l +20 ps/nm-kmSl ^JL >a-7l 

^12 ^^a:^!^ -20 -4 ps/nm-km» 
19] 

; ^ 1 18 lj-'- 8l $Z^^i, -a-7] m -g-^^]^ 15 ifl^l 18 ps/nm-km , ^7] ;^1 2 ^-^^1^ — 
-12 vfl;^l -9 ps/km-nm^ 
201 

;^18*J- ^^1 ^114^^- ^<H>H, -^-71 m ^-^1:71^71^ +0.1 ps/nm2-km 

^Jl. 'S-71 >I12 ^'a:7]^7l^ -0.1 ps/nm2-km ^?fl<^ll-. 
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21] 



ps/nm2-kin o]^^ tk^ ^^floll:. 
[^^«^ 221 

^18«J- ifl^l ^114«J-^ <Hi^ t?: ^^-7] ;*lll -B-JL^^^^ 50 tfl^l 90 ptm^ 

^ ^^-71 ^12 30 tfl^l 80 //m^ ^-^l^^ 

I^^^J- 23] 

24] 

1550 nm 5^^^^<^>^i ^^^M Qo] 5)^ ^5flol^. 
25] 

^18^ vfl^l ^114«j- # c>1i^ ^ *J-oi] oj^o^Ai, ^7] ^^-B-^ 1300 ifl^l 1500 nm ^ij- 
^'^^'^•fl'H •S-^^l7> Oo] ^^-71 ;*n2 ^-a-B-^ 1600 nm oj-^^l s|-^^^oflAl ^a].;^! 

7> Qo] S]^ 

26] 

>s-7i ^^7iisi ^^^>a-B- z^-z^-^ 
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^^^^^j-^ii^i^ ^^^1^ ^11 ^^7]-t7], m ^ -B-Jl^^^ 
^^x^^^fl^n--: 

[^^^ 271 

^126^<^ Sl<H>H. ^^^>a-B-Sl ^^^m 'S-^l ^?llo1-i:i41oll>H ^7] 4 

s)- ^oj; ;*fl2 ^^^-B-^ ^12 ^^^l^f ;^12 ^o); ^, ^^^-^$\ ^ ^^^]si\- ^13 

^ 281 

^ ^12 W^]; ^, ^13 ^^^-B-^ ^11 ^^^1, ^7] m 7]-^7]Si\- 43 4^^} 
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29] 



>*ili -b-Jl^^; ^12 ^-a-B-^ ^12 ^^1 ^ ^12 -B-s^^; ^is ^'S-B-^ ^13 ^o] ^ 



30] 



^127^<^ SZ<H>^i. >fli ^>a-B- ^ >I13 ^'g-B-^ ^^^1; >fl2 ^ 



i>l(.t)/l + Z>2(/l)/2 + Z)i(^)/3 
^1+^2+ ^3 



(4) 



^7] ^(4)oflA^ Dcf^ ^7] ^-a-B-^ (ps/nm-km) ; 

Di^ '^■71 »ll ^^-B-^ ^^^l(ps/nm-km); 
D 2^ ;<112 ^'g-B-^ ^12 (ps/nm-km) ; 

/l ^ ^7] m ^'S-B-^ ^11 ^<^l(km); 

^7] ;^]2 ^-a-B-^ ^12 ^«^1(km); 

^13 %^^-B-^ ^13 ^ol(km). 



[^^«^ 31] 

^128«J-«H1 Sl«H>H, ^7] ;^li ^>a-B- ^ ^13 ^-a-B-^ ^11 ^^^l^il- ;*lll ^^7]-t7]; ^ 
7] >112 ^-a-B-^ ^12 ^^i^l^q- ;^12 ^-tl:7l^7l; ^ >a-7l ^^^^^-B-^ ^^^l^^V ^ 
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(5) 



-^71 ^(5)«^>H Scf^ ^7] ^-a-R-^ ^^7l^7l(ps/nm2-km); 

Dcf^ ^7] ^'S-fr^ ^^^l(ps/nm-km); 



^7] :42 ^<0:^l(ps/nm-km); 

h ^ ^7] m ^'a^^ ^11 ^<>l(km); 
^71 ;H12 ^^-^5^ >|12 ^ol(km); 
^71 ;ill3 ^-a-B-^ ^13 ^ol(km): 
Si^ ^71 ;*lll ^^a-R-^ ^<i7]^7l(ps/nni-kin); 
$2^ ^7l ;*I12 ^'S-n-^ ^12 ^<+7l^7l(ps/nra-km). 



[^^^^ 32] 



>^l29«J-«^ ^71 ^^^-B-Sl -R-Jl^^^^ §>7l ^ (6)<m ^^Sl^ 



g3 (L 1 — LiL2 + L 1L2L3-I) j g3 I>i(I>2— 1) 

a I A I 02 A -i — (6) 
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73^ ^7] A2> ^^^^^ ^13 ^^Kkm); 
ai^ ^^^^ :^l^(/km); 

-^71 ^l^(/km); 



ai=0.1 X «i Xlog(lO). 



a,-0. 1 X «2 X logClO) . 



a_{l} ^ ^7l AM ^>g-B-^ ;^l^(dB/km) 

a_{2}^ ^7l ;^12 ^^^-^^ ;Nl^(dB/km) 
L 1^ Li= exp(-Qri/i); 

L2=exp(-ar2/2) J 
Ls^ L3=exp(-ai/3). 



l^=^% 331 

^126*J- ^^1 ^132W *J-<^1 ^^^i. ^7l ;*lll ^^^^ ;^12 ^-a:^!^ ^ 

cfls)^ 7HtJ^, ^7] >lll ^-tlr^l^q- ^12 ^'^■^1?]: y^\'=>]^ ^o^H 10 ps/nm-km <>] 
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341 



351 



[^^^ 361 



f^^sj-^oflA-l +4 ifl^^l +20 ps/nm-km ^-^ ^k^, ^12 ^^^1^ '^■71 ^3)-4^xflofl 

-20 xfl^l -4 ps/nm-km ^^^^ ^^l^ll-. 



371 

>^136*J-*H1 ^7] ;«)ll 15 ifl^^l 18 ps/nm-km o]x^ , ^7] ^^^]^ 

-12 -9 ps/km-nm"?l ^Jflol^. 
381 

?H126«J- ifl^l ^132«J-^ t!: *J-<H] , ^7] ;^ll ^<0:7l^7lfe +0.1 ps/nm2-km o] 

6>oH. .-^1]2 gt] : 7] S 7l^ - 0.1 ps/nm^ - lon '^l-^^ 

[^^^ 391 

^126*^ tfl^l ;^l32«J-# <Hi^ ^7l ;^ll ^ ^12 ^>tl:7l^7l^ +0.1 

ps/nm2-km ^H^]^. 
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